SUMMARY
INTRODUCTION
There are several definitions for power quality, depending on producing or consuming power. According to customers, good power quality has voltage, current and frequency that do not cause failure or miss operation of any equipment. Power quality is usually taken as a voltage quality. [1, 2] . Devices connected to a power utility expect good voltage quality. Because their sensitivities to voltage quality problems are different, their quality expectation levels are different. Voltage sags, swells, outages and harmonics are the main parts of the voltage quality problems. They caused fault or malfunction depending on voltage variations and its duration their repetitions also have effect on voltage quality. This type of problems usually rises from nonlinear loads such as adjustablespeed drives, electronic ballasts for fluorescent lamps and power supply for welding machines, events such as momentary supplying large power loads and short circuit in power utilities.
Although various studies and standards (some of them given in reference [3] [4] [5] [6] [7] ) have been written about voltage (or power) quality problems, there are few works related to voltage quality evaluation. Because of including vagueness and complexity, voltage quality evaluation is difficult with classical methods, but has a great chance to study with fuzzy mathematics. In one of the works about voltage quality evaluation with fuzzy logic, voltage quality is quantified just for one voltage sag [8] . The other works are complicated and do not say which type reference sensitivity characteristics were used [9, 10] . This paper commences with some useful information about voltage quality problems and fuzzy mathematics, and then continuous developed method for voltage quality evaluation with fuzzy logic. Finally it is shown with an example that developed method can give successive results.
FUZZY MATHEMATICS
Fuzzy logic includes fuzzy set theory and rules. In conventional set theory, belonging and not belonging to any set is denoted with 1 and 0 respectively. There is no more choice between them. This is also called crisp set. It is not possible to express the vagueness and uncertainty with the crisp set. Fuzzy sets can manage this problem. Fuzzy sets are considered to be an extension of crisp sets [9] .
The main part of the fuzzy set is the membership functions. Belonging degree of value x to the set A is determined by the membership function, where set A is defined on a universal set. This definition of fuzzy set and membership function given as follows: 
where A, B, C are fuzzy sets and x, y, z are variables.
USING DEVICE SENSITIVITY CHARACTERISTIC FOR VOLTAGE QUALITY
Devices connected on a power utility may have different sensitivities to voltage quality problems. For example, voltage including sags and harmonics has not equal quality for computers and motors.
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It is important to know which voltage quality problem is acceptable. In other words, which voltage quality problem has effects on device working with fault or malfunction. This is usually given with envelope or curve and called safety operating region. One of the most important curves is the voltage deviation versus duration curve. Commonly used for the computer systems is the CBEMA curve, which is shown in Figure 1 .
When looked in the Figure 1 , it can be seen that acceptable and unacceptable regions are strictly separated. That means, any inside point near to curves is in acceptable region but any outside point near to curves is not. Surely, there is a little difference between them. In practice, device may work normal at any outside point near to curve and may not work any inside point near to curve. For this reason, the curves should be fuzzied. That is, near to curves should be divided into regions.
It can also be mentioned about curves for other voltage quality problems, such as harmonics. In the literature, it has not been encountered any curve about harmonic sensitivity of devices. Harmonic sensitivity is as important as voltage sensitivity. For this reason, harmonic tolerance that device can work without any failure should be known.
Using device sensitivity characteristics may be a reasonable way to represent voltage quality. If device sensitivities to voltage quality problems are known, general voltage quality can also be evaluated.
PROPOSED METHOD FOR QUANTIFYING VOLTAGE QUALITY
Voltage quality problems can be separated into its components such as voltage sags, swells, harmonics etc. If each variation, duration, repetition are known for each problem, individual voltage quality is easily evaluated by fuzzy logic. Then a general power quality can be found multiplying each voltage quality by coefficients. Basic flow chart of the proposed method is given in Figure 2 . In this work, three types of voltage quality problems were considered ( Figure 2 ). Input variables of each fuzzy system are as follows: voltage sags -duration, voltage swellsduration, and voltage harmonics -duration. The output variables are the individual voltage qualities named VQ 1 , VQ 2 and VQ 3 . Figure 3 , Figure 4 and Figure 5 give membership functions of input and output variables used for fuzzy section of the voltage sag. Table 1 and Table 2 explain the meaning of each fuzzy set and the rules respectively. 
CASE STUDY
A power distribution system is studied in this case study.
Its nominal values are 380 V, 50 Hz. The rms variation of the voltage and its harmonic are shown in Figure 6 and Figure 7 respectively. Voltage rms and its total harmonic distortion are sampled in about 70 s while sampling time is 0.01 s. Frequency value is assumed to be constant. 
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The weighting coefficients are chosen the same value for this case study. That is, all voltage quality problems have the same effect on the voltage quality evaluation. Table 3 and Table 4 show each event, duration and individual voltage quality of voltage sag and swell. 
